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I. IMXWDWTION

The ThreeMile Islandnuclearplant (Unit2) was modeledusingthe

TransientReactorAnalysisCode (TRX-PI.A)land a basecase calculation,

whichsimulatedthe initialpart of the accidentthatoccurr~ on March

28, 1979,was performed. In additionto the ‘basecase calculation,

severalparametriccalculationswere performedin whicha single

hypotheticalchangewas made in the systemconditions,such as asmning

the highpressureinjecticm(HPI)systa operatedas designedratherthan

as in the accident. The purpcsesof thesecalculationswere to:

● Provideinsightinto the systemthermal-hydraulicphenanena

whichoccurredduringthe initialaccident stages.

o Evaluate hypotheticalalternativesystq/operatorresponses

duringthe accident.

a Evaluateand assessthe applicabilityof TRAC to non-LOCA

accidentscenarics.

Sane of the importarltsystemparametercomparison

case as well as saneof the parametriccase resultswill

thispaper. The parametriccases thatwill be discussed

1. Auxiliaryfeedwaterdelay ~f 60 min. (compared

in base case).

2. NO auxiliary feedwaterdelay.

for the base

txipresentedin

are as follows:

to 8 min. delay

3. HPI systemoperatingas designed(mnpared to throttled

conditionsin base case).

Work perfozmedunderthe auspicesof the UnitedStatesNuclearRegulatory
Cmnission.



II. TRKR?!SECIWEC?WUIA TION

The ‘IRKmodel of the TMI-2 system for these calculatkms used 24

cells in the reactorvesseland 42 cellsfor the two systenloops. The

oore fuel rodswere modeledinitiallyusingthreeaxiallevelsand two

azimuthalregionspe~ level,with average,high power,and low Pcx#erfuel

rodsper region. This vesselnodingwas used to calculatethe steady-

statesyst&nconditionsand the first81 min of the transient. The pres-

surizerreliefvalve (K)RV)was modeledusinga pipe module,allowinga

directcalculatia of the flcw out of the IWV. The oncethrough steam

generators(~) were modeledon both primaryand secondarysides,but

boundaryconditionswere used to model the balanceuf the se.xmdarysys-

tem. ~sed on the ‘IPII-2remrde3 powerlevel,a W steady-stateral-

culatim was performedfor the bse case to generatethe initial.condi-

tias prior to the accident. Theseconditionsare in very good agreement

with available‘IMI-2data.2

Using theseself-consistentinitialconditions,the W transient

calculatim for the base casew~= initiated.Operctorand systemactions

were simulatedin TRX usingplantdata,eventchronologies,ard in cer-

tain “ases,assumptionsnecessaryto give resultswhichmatchedknown

system(nnditicns.The first120 min of the accidentsequenceare well

simulatedby TRK, particularlysystempressure(Fig.1), lmp tempera-

tures (Fig.2), and pressurizerlevel (Fig.3). Duringthe periodfrun

30 to 81 min cmolat is mntinuously lost throughthe FORVand the let-

down system. Calculatedcore tanperaturesremainlw, however,due to

the good coolingprovidedby boilingin the core,whichoffsetsthe

coolantlossesand maintainsa stablesystempressure. After 81 rein,a

more finelynodedvesselwas used to providebetterresolutionto track

-phaseseparatim and calculatet-phase naturalcirculation.After the

A looppwp are tri~3 at 100 rein,phaseseparationoccursthroughout

the system. This resultsin partialcore uncoveringand lass of forced

coolantclLculaticmthroughthe loops. Since upward-movingsteamvelo-

citiesare very low, the steambemnes very supwheated in the upperpart

of the core and, as a result,the claddingand fuel heat up rapidly(Fig.



4)● ti the claddingtemperaturesreach1300 K, zirconihsteam reae

tias (exothermic)beginand the qper cxxe temperaturesbeginrisingat

about1.0 K/s. This temperatureexcursicmwas probablyterminatedin the

accidentwhen the HP’Iwas returnedto nonthrottledflm ratesat 3 h and

20 rein, enhancing the core Ccoling rate (W calculations for the base

casewere terminatedat 3 h since the coremodelingwas no longerreali-

stic).

The resultsof this!FRX base case calculaticmshow gmd agreement

withmeasuredsystenparametersout to ne~-ly3 h and providea foundation

for makingdetailedocmparisonsagainstalternativesystq/operatorre

sponsesduringthe accidentsequence.

111. ‘lTW PARAMETRICCAWULATIONS

Theseparametriccalculationswere performedto investigateb-

theticalvariationsto the base case to determinethe significanceof

system/operatoracticmson the courseof the accident. It is not in-

tendedto judgesystemdesignor operatorresponseas relatedto the

TMI-2 accident,rather,itspurposeis to serveas a basis for future

discussioncn reactorsystemdesign,instrnentat”.on,and operation.

The parametriccase withHPI operatingas designedresultedin

significantdeviationsfran the base case. After the pressuredrop

kelcwthe HPI setpointand full flowwas initiated,the HPI flowwas

sufficientto maintainthe systempressureat a higherlevelthan the

base case. This resultedin a higherbreakflow than the base case, but,

more importantly,maintainedthe coolantin a subcooledstate,preventing

a core temperatureexcursion. This calculationindicatesthat riocore

damagewmld haveoccurredas long as HPI flowwas supplied.

The influenceof delayingthe auxiliaryfeedwaterflow 60 min can-

pared to m delay resultsin a highersystempressureand t?higherR3RV

flow rate,but the long-termbek..~iiorof the systemis qboutthe same.

However,due to the higherFORV flew the systemwater inventoryis about

15% less than the no delayrxise,which wuld probablyresultin about a

10-15min earliertime to core uncovery. For a 3 h transient,however,

this amountof time is not very significant.



In smnary, the parametriccaJculatiom indicatethat loss-of-core

ccolingwas mcst influencedby the throttlingof HPI flcws,given the

accidentinitiatingeventsand the ~RV failingto clo6eas designed.

In conclusim, theseTTW calculationshave providedsune insight

into the systemthermal-hydraulicsof !I?41-2and hopefullyhave assessed

the significanceof someof the systeq/operatoractionson the courseof

the accident. Finally,thesecalculationsshcw that‘IYW can be applied

to non-IGCAaccidentscenarim,with reasonableconfidenc~.



1. “TRW-PIA, An AdvancedBest-Estimate C~ter Prcgramfor PWR ICCA
Analysis,“ Los AlarmsScientificLaboratory :eport LA-7777-MS (May
1979) .

2. “Prelimirfiry Ca_’.culat km Relatedto the Accidentat ThreeMile
Island,n ~ XlamosScientificLaboratoryreportIJWR-79-2425
(A~ust 1979).



IJSC OF FIGURES

1. Systempressurecomparisonsout to 120 minutes.

2. A loop fluidtemperaturecanparisonsout to 120minutes.

3. Pressurizerwater levelccinparisonsoiltto 120 minutes.

4. Maximwnhot-rodcladdingtemperature.
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